Two continuous cell lines derived from suckling mouse brain cells chronically infected with Japanese encephalitis virus were studied. One cell line underwent 122 passages, and the other 35 passages. Seven single-cell clones were obtained from the first culture. Both cultures released virus into the culture medium that differed from the initial virus in resistance to ribonuclease and urea, that had no haemagglutination activity and was not neutralized by the virus-specific serum. These properties are considered phenotypic changes in as far as intracerebral passages in mice or in competent cell line restored corresponding markers of the initial virus. The results obtained are compared with other chronically virus-infected cell cultures.
INTRODUCTION
We have described cytoproliferative activity (continuous cell growth following virus infection) of Japanese encephalitis virus (JEV) in brain cell cultures of suckling mice (Gavrilov, Deryabin & Loghinova, ~97z, I973) . This paper describes the results of the study of two lines of suckling mouse brain cell (SMBC) cultures chronically infected with an attenuated strain of JEV.
METHODS
Virus. The K33 clone of JEV (Loghi•ova, Karpova & Gavrilov, I97I) was used in this study. The virus was non-pathogenic for mice, by subcutaneous injection. Virus titrations were performed in a continuous cell line of pig embryo kidney (PES) by c.p.e. (TCIDs0/ml) and by intracerebral inoculation of 2-to 3-day-old suckling mice or mice weighing 6 to 7 g. SMBC cultures. The brains of 3-day-old suckling mice were minced with scissors, washed thrice with medium 199 and were dispersed in o.Iz ~ trypsin at 2o °C for 5 rain with a magnetic mixer. The supernatant fluid was centrifuged at Iooo g for 5 min, and the pellet was resuspended in Eagle's diploid medium (GIBCO, U.S.A.) with lo ~ newborn calf serum and Ioo units]ml of penicillin and streptomycin. The cell suspension, 4 x IO 5 per ml, was grown in 5o m! flasks at 36"5 °C, and the medium changed every 48 h. A monolayer was formed by 5th or 6th day.
The cells were infected with the virus (o.I p.f.u./cell) and were subcultured every 4 to 5 days. The clones from single cells were obtained by the method described earlier (Gavrilov & Zmieva, I963) . Two chronically infected cell lines obtained by this method were designated SMBC:K33 (I) and SMBC:K33 (2). v.i. GAVRILOV AND OTHERS Serological methods. Neutralization tests (NT), haemagglutination inhibition tests (HIT), and direct immunofluorescence tests (DIFT) were performed with ascites immune fluid by the methods described elsewhere (Gaidamovich et al. ~967; Lvova, I962) .
Genetic markers. The following genetic markers of the initial and cloned virus were studied: ribonuclease sensitivity (RS), urea sensitivity (Ur), haemagglufinating activity (HA), immunofluorescence (IF), neutralization by virus-specific antibodies (NA).
The virus suspension was incubated with ribonuclease (Ioo #g/ml) at room temperature for 2o min, and the results designated RS + (inactivation) or RS-(resistance). Urea (4 M) was added at 37 °C for 20 min and the results were designated as Ur + (inactivation) or (Ur-) resistance. Other markers were designated as HA + and HA-(absence), IF + and IF-, Na + and NA-.
RESULTS

Behaviour of two cell lines
The first cell line, SMBC:K33 (I), underwent i22 passages in the course of 47 o days. Cytoproliferative activity was rather stable up to the 75th passage without degeneration of the cells. At the 75th to 82nd passages specific degeneration of the monolayer appeared, and therefore subcultivation was stopped for 25 days, until a monolayer was formed. Thereafter the passages were renewed and there were no signs of cell degeneration up to the 122nd passage.
The second cell line, SMBC: K33 (z), obtained almost one year later by the same method, underwent 35 passages during 205 days. Up to the ~6th passage it was subcultivated every 4 to 5 days and thereafter every 3 to 4 days. At the I2th to I6th passages slight cytopathic changes were observed in the culture, but these disappeared after the t7th passage.
The control study was conducted with six non-infected SMBC cell lines. No more than 2 to 5 passages were successful; after this the cells stopped dividing and the monolayers underwent non-specific degeneration. Inoculation of the cultures with fresh suspension of normal suckling mouse brains did not increase the time of their life in vitro. The latter procedure was performed because there have been reports of latent viruses related to tick-borne encephalitis in normal mice (Semenov, I964) . The related Langat virus transforms mouse brain cells (Illavia & Webb, 197o) , and it was thought possible that such a transforming virus might be present in normal mouse brain.
Cloning of SMBC: K33 (I) line
At the 6oth passage (z5oth day of cultivation) seven single-cell clones were obtained and studied. These did not differ from the parent culture in their proliferative activity, and no c.p.e, were observed during 4o to 52 passages over the course of 2o5 days.
The results of the virus titration of culture fluids of the cell line were as follows: the titres of the virus for PES ceils varied in the limits between to 5"° and ~o 6"5 TCIDs0/ml, thus being rather high. Neurovirulence for mice also reached a rather stable level of Io 2'3 to I o z'5 LDs0/ml, thus being lower than infectious titres. Similar results were obtained in newborn mice.
The biological properties of persisting virus of 4 or 5 cell clones studied were similar (Table I) . However, the virus of clone K1 considerably differed from the others: up to 36 passages, having had rather high infectious activity (IO 6'z to Io 7"5 TCIDs0/ml), it completely lost its neurovirulence in mice. Neurovirulence of the K 1 clone virus has been partly restored by 43rd passage. It is worthwhile to note that DIFT was negative during up to 36 passages, and became positive after restoring neurovirulence by the clone.
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Methods of titration
In PES cells?
In 2-to 3-day-old mice$ Table I . 
The results of infectivity titration of five clones of the SMBC: K33 (0 cell line
Serological study
The primarily infected SMBC cells were studied by the DIFT method. The amount of cells with antigen that reacted with the immune fluorescent serum increased from 0.2 to o'5 ~ at 48 h to o'5 to 1.5 ~ at 72 h. Fig. I shows that at 48 h accumulations of antigen appeared in the perinuclear zone of the cells, at 72 h the amount increased and they occupied the whole cytoplasm, and at 96 h the amount of antigens decreased. The proportion of cells with virus-specific antigens was preserved in subsequent passages of both cell lines, SMBC:K33 0) and SMBC:K33 (z) with small variations, as well as in the clones studied with exception of the above-mentioned clone K~. PES cell cultures infected with persisting JEV contained at 72 h 25 to 3o ~ cells with antigen detected by the DIFT method. The results of neutralization experiments are shown in Table z . It can be seen that the virus from two chronically infected cell lines including one clone is not neutralized by the immune serum. The virus reacts with the immune serum after two subsequent passages in PES cells, the system where an acute virus infection takes place.
The results of the study of HA activity of the virus in the cultures are shown in Table 3 . This table shows that the virus released in the culture medium of both chronically infected ceil lines, SMBC:K33 0) and SMBC:K33 (z), as weIl as in five clones of the former, does not possess HA, although infectious titres are rather high (see Table ~ ). HA properties of the virus are restored after cerebral passages in suckling mice. The complete restoration needs at least two passages, and the rate differs in various passages of the initial culture and of its clones. When restoration of HA activity was studied in PES cells, it was shown that this process needed more than two passages (not shown in the Table) , though the virus was fully neutralized after two passages (see Table 2 ).
On: Tue, 11 Dec 2018 20:13:22 ba Table 4 . 
Ribonuclease and urea sensitivity of the virus from SMBC.'K33 (I) and SMBC:
Ribonuclease and urea sensitivity
The results of experiments with the sensitivity to ribonuclease and urea of the virus produced by chronically infected cell lines, including two clones and the same virus after two passages in suckling mice and PES cells, are shown in Table 4 . The virus released into culture medium is highly sensitive to pancreatic ribonuclease: the enzyme completely destroys its infectious properties at the given concentration within 2o min (Table 4) . After two passages in suckling mice the virus completely regains resistance to the enzyme. Two passages in PES cells do not completely restore resistance of the virus to ribonuclease.
Quite different results were obtained in experiments with urea. The virus obtained from the culture medium of chronically infected cells is remarkably resistant to high (4 M) concentration of the reagent. After 2o min incubation at 37 °C infectious titres remained the same as in controls or decrease slightly (0.2 to 0. 5 log TCIDso). After two passages in suckling mice the virus becomes highly sensitive to urea. Two passages in PES cells also made the virus highly sensitive to urea, though the effect was less dramatic. Some variations in behaviour of two cultures and two clones were observed (Table 4 ), e.g. incomplete restoration of RS and Ur markers in the K3 clone, as compared with the parent culture and the other culture studied.
DISCUSSION
The study of two cell lines derived from suckling mouse brain cells infected with Japanese encephalitis virus, not only confirmed our previous observation on cytoproliferative activity of the virus, e.g. continuous cell growth following virus infection, but also showed that the cells are chronically infected. The SMBC:K33 (I) line, within 470 days of observation, has undergone I22 passages, and the recovery of a new cell line of the same type, SMBC: K33 (2) confirmed the reproducibility of the procedure used. In contrast, non-infected SMBC cultures perished within 2 to 5 passages, even if the fresh suspension of suckling mouse brains was added to them.
Our chronically infected cultures showed no signs of malignant transformation, although one of them had undergone more than I2O passages. They preserved contact inhibition, the cells grow in monolayers and no foci of disordered three-dimension growth were observed within the time of observation. The unlimited growth of the cultures, therefore, is unlikely to be due to transformation by a hypothetical latent oncogenic virus (Huebner & Todaro, t969) .
The chronically infected cell systems studied have some common features with HEp-2 cells chronically infected with tick-borne encephalitis virus (Zhdanov et aL I973a, b) . In the case studied the infectious agent can be considered either as infectious ribonucleoprotein or alternatively as a virus with a marked defect in the envelope. The sensitivity to ribonuclease action and resistance to urea action, absence of HA and inability to be neutralized by the specific serum favour this suggestion. A similar defective virus has been described elsewhere (Zhdanov, Yershov & Uryvayev, 1969) . These changes are not results of mutation but rather are phenotypic modification as far as two cerebral passages are enough to recover the initial phenotype of the virus (Rs-, Ur +, HA +, NA+).
IlIavia & Webb 0970) suggested that in the case of Langat virus chronically infected cells, integration of the virus genome into the host cell genome might have taken place. This suggestion, however, was not supported by their experiments. Recently we have studied two chronically infected cell systems using the molecular hybridization techniques: HEp-2 cells chronically infected with tick-borne encephalitis virus, and chick embryo fibroblasts v.I. GAVRILOV AND OTHERS chronically infected with measles virus (Parfanovich & Zhdanov, ~973) . It was found that in both systems DNA from chronically infected cells has sequences complementary to the virus particle RNAs while no such sequences were found in non-infected HEp-2 cells and chick embryo fibroblasts (Zhdanov et al. I974) . The analysis of the system described by molecular hybridization methods is the subject of our further study.
